Cyber Dumpster Diving —
creating new software systems
for less

lan Gorton, Lab Fellow,
Group Lead, Data Intensive Scientific Computing,
Computational Sciences and Math Division
Pacific Northwest National Lab
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PNNL

» Department of Energy Science Lab
®m Physical and fundamental sciences
m National security
» 4500+ people
» Business volume of over $1b per annum
» Large scale experimental facilities, e.qg.
m Environmental Molecular Sciences Lab (EMSL)
m 161 Tflop supercomputer
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The most radical possible solution
for constructing software is not to
construct it at all.

Fred Brooks: No Silver Bullet: Essence and Accidents of Software Engineering

Pacific Northwest

NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965



Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965



DISC@PNNL

» Data Intensive Scientific

Computing

m User platforms

m Data management
®m Tool integration

m Workflows

® Provenance

» Applications in e.qg.

® Bioinformatics

m Climate modeling

m Carbon sequestration
m Subsurface modeling

Using
GNUFORTRAN

A GNU
MANUAL
FOR

Real programmers code in binary,

High Performance
Computing

MIDDLE. COM

Scientific
User Platforms

N % ) 'y
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The middle is a hard place ...

» Requirements
B Need to understand science domain
m Need to understand HPC

m Difficult to define, constant refinement,
negotiate, negotiate

® “The hardest single part of building a
software system is deciding precisely what

to build.”

» Design
m Conflicting quality requirements )
m Complex, heterogeneous technologies /4 o
® Large data
m Proliferation of tools, variable quality xﬁ/

Pacific Northwest
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O
"Would've been cheaper to pay the
ransom.”

stakeholder

Complexity
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Project Funding Profiles

» Typically fixed amounts
m What can we build with X dollars?

m Fixed amounts per year, 1-3 year 0 )
lifecycle o T ‘%@F@' %ﬁg

» Limited funding W ” Foveitesy
®m From .25 to 10 team size per year %ﬁ'ﬁ% Q@r rﬂ_@ﬁ%
m 1-2 people per year most common ) %

» High expectations ‘% A % FQ ?_m i
m Scientists think ‘software is easy’ @ n ok S s
m it's just coding, right? & mm S%
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Some
Examples

~7
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Carbon Sequestration (Storage)
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Geological Sequestration Software Suite
(GS3)

e » Large-scale, complex
R ey data
m Experimental

m HPC Simulation
Inputs/outputs

m Multiple realizations for
UuQ
» Long-lived projects

MANAGEMENT
SYSTEM

MVA & - = Simulation, Bench-

History Matching e P marking & Validation . M Od e I I n g

m Analysis

® Monitoring (100+
years)
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Advanced Simulation Capability for Environmental
Management (ASCEM)

» A State-of-the-art tool for
predicting contaminant fate
and transport through natural
and engineered systems

B Open source

B Modular and extensible

®m ‘born’ parallel for execution  s¢p . e

Cycle: 3491 Time:9.86382
ar: concentration_14_UO2__

on emerging architectures.  F:=

1.500e-05
- 5.000e-06

» A User Platform to manage
data, create models and
analyze results

permeabil ity
Contour 1.0008-10
DB: fbasin_dump_17_256PE.cgns 1.000e-11
Cycle: 3491  Time:9.86382 1.000e-12
Var: concentration_16_Tracer I 1.000e-13
Il 1 500005 1.0006-14
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Integrated Regional Earth System Model

iESM

Global Earth Global Change
System Model Assessment
(CESM) Model (GCAM)
F1
Boundary Conditions Feedhback B oundary Conditions
Vi 11
=

Regional-Global

Regional Earth
System Model

Change Assessment > KeyAttri.butes:
Model » Modularity

Climate Integrated Analysis of: " Portablhty
Atmosphere + Energy-Economics u Open-Source
Land = Agriculture and .
~ Ocean Land Use » Integrated Regional
Biogeochemistry - Feedback —5 - Water An alyses
Socioeconomics

Regional Sectoral
Models

Building Energy Demand
Crop Productivity
Water Supply
Energy Infrastructure
Water Management
Land Use, Land Cover
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A powerful, usually legal, source of
Information that isn't seriously
defended because of social taboos.

—
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‘Write-as-little-as-possible’ Reuse

» Approach:

m Leverage open source
frameworks and tools

m Extend to support science
applications

m Generalize to support multiple
science domains

» Requires:
m Careful technology selection
m Creative design
® Robust architectures
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An simple example -
bioinformatics
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Bioinformatics Workflows

» Biologists want to create
computational workflows:

® Integrate disparate tools and data
m Span multiple execution platforms
m Execute reliably and efficiently
m Capture provenance

» Workflow tools for biology
m Galaxy
m Taverna

» Limitations in handling large scale
data and computations

MS-Proteomics

!

Match peptides

Reference
Genome

RNA-Seq
(paired ends)

!

[ Map to reference
to reference A====a=l | - :
genes } genome (Bowtie)
bcaaa)y |
Results in
No ; HBase Map each mismatch
Found? - La?lgﬁ'a‘ﬁi‘l’gges € ables € to sequence
position
TA A4
4 Yes 1 1‘ 1 1 41—
i
Match significant | ves [ _—
alelles to expressed | 4= Found? : H Bin '2:?;“;}:{;9: to
proteins 1 = 9
T 1y
l ] - (] 1 l
i
Estimate
Calculate RNA/ 1 _
protein rafios < - expreszw:l ;I each
| Yes -~ Significant
expression?

=7
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Computational Pipeline Infrastructure

13 Package Explorer R =]
B®(e~ & e L
¥ = GalaxyWorkflowDemo CCE
Y @config Suf ameTransiationComponent -
€/logjxm! . Companents (and retaed emn..|
13 polygraphPipeline.mif (& MifModule (and related en... <
Smmupﬁﬂpﬂml . mifd 1} |F q,’ ]F g~ MifModule
sixFrameTranslationPipel —e-d L
W) sixFrameTransistionPipel | Mgl
{4 workflowEngine.mif _:.. A
» (@ src-gen (= Communication Endpoints
@ src = MifinboundEndpoint
> @ samples-config o MfOutboundEndpoint
» M amples-src
» WAIRE System Library VM 1.6 WV MIF e —
» i\ Referenced Ubraries |1 Spactaktand Modules
i Advanced Entities
{2 problems | @ Javadoc [ Declaration | © Console | [ Properies 23 4 Search E»=v=0
B+ MifModule
Property Value
L. Bean Properties "
Appearance Do Threading Itrue
Cenerate Stud T true
Implementation Class 13 gov.panl Kiase.services Sixframe Trans
Name 13 SxframeTranslation
Y <[ € = “»

file Edt Vew Document Jook Window Hep
B e e B ee s

i & |

BEYOND SOFTWARE PROGRAMMING

Components
in the Pipeline

Ian Gorton, Adam Wynne, Yan Liu, and Jian Yin,
Pacific Northwest National Lab

The MeDICi Integration Framework supports constructing
complex software pipelines from distributed heterogeneous
components and controlling qualities of service to meet
performance, reliability and communication requirements.

T8x0T5in ¢ "

When developers use lightweight
approaches such as scripting languages
to construct pipelines, restructuring
and optimization involves changing
the scripts themselves. Because no
direct correspondence exists between
the major abstractions in the pipeline
architecture and the script code, the
implementations often drift from the
original design, no longer adhering
w the pipeline pattern.2 At the
other extreme, pipelines built using
general-purpose  graphical workflow
cnvironments lack the descriptive
scalability to clearly express complex
applications. The visual pipeline’s
descriptions become littered with low-
level data formatting and plumbing?
that obscure the logical application
desien and create resistance ro change.

Protein fasta file

.faa file]

the .dta files

Proteomics data

——- -"" |

post-process
script

Query & copy the

Jfaafile

peptide file

http://www.computer. org/portal/web/csdI/d0|/10 1109/MS 2011. 23
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Script: translate DNA
[-fna file) in six frames

Query & copy the
fna file

GenBank

Query & copy the
[nafile and the
.gbkfile

Visualization tool

Visualization at
auser’s local
workstation

<
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Velo -
Knowledge Management for
Modeling and Simulation
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Supporting Carbon Sequestration Modeling

» Requirements

Collaboration

Sharing data

Metadata management
User-driven customization

MANAGEMENT

Extensibility = ~ W
Model versioning
Provenance

Robust, scalable

» Small project, team ~1.75
people, 3 years

19
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Cyber Dumpster Diving

» Open source

» Candidate technology
assessments:

® Quality of docs
m Release schedule
m Community scope
m APls

m Code/architecture
O

Install and workout, simple
tests
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Feature-Reuse Matrix

Collaboration
Sharing data

Metadata
management

User-driven
customization

Extensibility

Model versioning

Provenance

Role-based
Security

Mediawiki

Mediawiki
Alfresco

Mediawiki
Alfresco

Mediawiki

Mediawiki
Alfresco

Mediawiki
Alfresco

Mediawiki

Halo ACL

Core wiki features support this

Requires integration of MW and
Alfresco

Requires customization of MW and
Alfresco basic features

Core wiki features support this

APIs support extension, but requires
design of exact integration
mechanisms

Minor extensions for MW/Alfresco
capabilities

Some for free in MW, but advanced
features need developing

Mediawiki extension

100%
60%

80%

100%

20%

75%

20%
_

100%

TORY
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GS3 Examples - Semantic Capabilities -

Metadata Extraction

» Metadata:

m Generic information
e.g.file size, owner,
preview/thumbnails

m Specific to the file type,
e.g. keywords, geographic
location

» Metadata is searchable

» Extensible architecture for
custom data types ingest
pipelines, e.g.

® Simulation outputs
B Spreadsheets
m Input files
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as: Devuser | Logo

—

/rotdatallilinois Basin/Zhou et ol 2009.pdf > Browse > /refdatatllinois BasinZnhou et ai 2009.pdf > Browse >

wis  Discussion Annotate Edit Mistory Walch Purge

WFS:/refdata/lllinois Basin/Zhou et al 2009.pdf

Back to Parent

L0

1 Znou_et_al_2009.pd!

huipocainost: 1 ¥ _61_al_2009.pof  (Me size: 2.18 MB, MIME type: application/pdf)
e - [— s —
Modeling Basin- and Plume-Scale Processes of CO2 Storage for Full-Scale Deployment ‘ Sar 8 (17)
by Quaniin Zhou1 , Jens T. Birkholzer1 , Edward Mehner2 | Yu-Feng Lin3 , and Keni Znang! Flock Name (32) Grante (8)
Shale (7)
Abstract 1
Integrated modaing of basin- and plume-scale processes Induced by full-scale deployment of CO2 | - Mt Sman (119)
storage was applied 10 the Mt Simon Aquifer In the llinols Basin. A three-dimensional mesh was vmm“ﬂ (156) ' Eau Claire (34)

genarated with local refinement around 20 Injection sites, with approximately 30 km spacing. A total St. Peter (3)
annual injection rate of 100 Mt CO2 over 50 years was used. The CO2 -drine flow &t the plume ol

Permeabiity (93)
scale and the single-phase Siow at he basin scale were simutated. Simulation results show the Salinay (29)
overall shape of a COZ plume consisting of & typical gravityoverride subplume in the botiom Porosty (22
injection zone of high Injectivity and & pyramid-shaped subplume in the overfying musiayered M. Flock Property (188 Comprassbity (19)
Simon, Indicating the Important role of @ secondary seal with relatively low-permeability and Degths (13)

hegh-entry caplliary pressure. The secondary-seal eflect Is mansested by retarded upward CO2 Thick (12)
migration as a fesut of multiple secondary seals, coupled with lateral preferential CO2 viscous _—-
fingering through high-permeability layers, The plume width varies from 9.0 10 13.5 km at 200 years, Core (61)
Indicating the siow CO2 migration and no plume interference between storage sites. On the basin Mwm Wells (9)

scale, pressure penurbations propagate uickly awsy from injection centers, interfere aer less than | 4 ‘& Goophysical (3)
1 year, and eventually reach basin margins. The simulated pressure bulldup of 35 bar in the Saismic (2)
Injection area is not expected 10 aect caprock geomechanical integrity. Moderate pressure bulidup | o z T Caprock (26)

I observed in M. Simon n narthern Ilinols, Howaver, its IMpact on groundwater rasources is koss wm“ﬂ Resenvoir ()
than the hydraulic drawdown Induced by long-term extensive pumping from overlying freshwaser L
aquifers
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GS3 Examples - Tool Integration

» Mediawiki plugins
» ‘Black box’ tools
» External 3" party tools

eeeeee

Allocation Accoun t

1
Wall Time Limit OEdays OEhuurs EOEminutes
Processors 45[4..38239] Nodes 15[1..9572] []Parallel

Name ffranklin Machine Name [franklin.nersc.gov

User Name

Run Directory

Scratch Directory

Executable Path |

File Disposition
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GS3 Examples — Tool Plugins

/D /43037158280000.1
file Edit View History Bookmarks Tools Help

© WFS:/sites/DemoSite/430371... | #

Currently Logged In as: Devuser | Logout

- /I |

Misc. Tools ~ |

Account Links  ~

2
s omo Bro 00 00 0
s (| /projects/AnetivData > query page > /projects > /projects/STOMP scalability > =
J - r I
\ spaciol page ‘
\
Buton 3313 (=5
, 7 %
—Plme Estimator
:43037157010000. 8 Formation Depth (unit: meter) 23710
* 43037156280000.4as Formation Thickness (unit: meter) 210
* 43037315340000.1as Eftective Porosity (%) 6.3
Temperature (unit: Celsius) 540
Dissoived NaCl (uni: molal) 5.0
3 Latitude of Injection Well (Gecimal degroes) 391
L = 2
; Longituge af Injection Well (decimal degrees) -8 987665
§ Mass of Injecied CO2 (urst: ton) 3506007
(Cabeuins )
Estimated Plume radius(km) is : 548
00 -
o =]
2 g 8 §
GA (GAPT)
http:floc las# (SVG file, nominally 650 x 500 pixels, file size: 160 KB) I
Start Depth: 4200. 0000
Stop Depth: 5900. 0000
Step Length: 0.5000
Conpany : shell o0il Co
Well name: Burton 33-13
County: San Juan
State: Utah
Leg date: 9/25/1957
Kelly Bushing Level: 4819. 0000FT
Ground Level: 4809, 0000
APL: 430371582800
Unique Well ID: 430371582800
\
. .
v .
[ ¥
Done +
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GS3 Examples — Black box Tool Plugins

f Location r Geography rReservoir Category | Target Formations | Seal Formations I
Number of Target Formations within Reservoir: |1

[ Target Formation #1 |

Target Formation Name: [Mt Simon | Geologic Age: |Cambrian

Target Formation Rock Types (check all that apply):
Sandstone [ |Limestone [ |Dolomite [ |Shale [ ]Coal Seam [ |Basalt
Other (Specify): |
Depositional Environment (check all that apply):

Continental: [ |Alluvial [ ]Aeolian [ |Fluvial [ ]|Lacustrine

Transitional: [ |Deltaic []|Tidal []Lagoonal [ ]Beach
Marine: Shallow Water [ |Deep Water [ |Reef
Others: [l Evaporite [ ] Glacial
Sequestration Trapping Mechanisms (check all that apply):
Dissolution and Diffusion [ |Physical Containment [ ]Mineralization [ ]Residual Saturation

Other (Specify): |
Target Reservoir Depth and Thickness:

Top Depth: Min:l | Max:l | Mean: 6705 | ft |«

Bottom Depth: Min: | | Max: I | Mean: ]9241 | Ift I'I
Thickness: Min: | | Max: | | Mean: ]2536 | lft Ivl
Estimated Fracture Gradient: |0.8 "psi/ft IVJ

Estimated Fracture Opening Pressure: |5200 psi Iv
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What Happened?

» lterative development
process

®m Design, build and demo,
repeat

» Interest from user
community was strong

® Power of mock-ups and
prototypes

» New funding obtained
» Initial sites deployed
» And along the way ...

S8R

Refactoring
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Flexible, Rigorous Scientific Knowledge
Management

GS?) ASCEM User customizable ‘skins’

_ Web-based
SiImSeQ FutureGen Extensible

Raw data and metadata storage
Versioning

Provenance

Tool registry

Many deployment options

§|mu!ato.rs Extensible data types
Model Data @ Visualization Extensible tool repository

Plume Calcs Programming interfaces

o

Pacific Northwest
NATIONAL LABORATORY
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Velo Architecture

W Convert ‘ Markui Store

o

Pacific Northwest
NATIONAL LABORATORY

elo Knowledge Base

VeIo synchronlzatlon process
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Basic Velo ‘Skin’

‘ /sites > UserLogin > /users/Devuser > /projects >

Home ~ Browse ~ Tools ~ Misc. Tools - Account Links ~

wis  Discussion  Annotate  Edit With Form  Edit Nmmm]

WFS:/projects/Demo

No vaiid location to display map

w: Project

Tool Navigation
File Browser

Wiki Functions
Content Viewer

N E

seewin  This page was last modied on January 21, 2011, at 2155,
11811 BcGiows

29
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When requirements collide

Serendipity is

not an
accident

o
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Bringing it all Together — IRESM Platform

e, £t Yiew Hitory Sookmarks Tocks Help
Jiiv © O A | ntps//gid.pnl.gou/RESM/wikifindexphp/WFS/data/ CASCaDE

Al
£ Most Visted | Getting Started 1 Latest Headines
| || WFSJdata/CASCaDE - IRESM Platform | = | -
http:/Aenaya ucsd edu/wawona-midonnscaledigtdl_b1/ &
Hr Data Processing fedi)
To BEND Model fodif)
1. Transforming CASCaDE cimate o VIC inputs
1 Spatilly Interpolating CASCaDE cimate data into 16 locations and get every daily . maxmum from 2001 to 2100 for each scenario (A2 and B1)
G PRL e 2 Linear temporal interpolation to generate 2/29 data for each leap year
& = 3 Converting CASCaDE data into the format that Vanabie Infitration Capacity(VIC) mode! requires
Mo 2. Running VIC model as a Forcing ger hourly air shorwave, longwave, air pressure, vapor pressure for each of 16 locations
1 gt bt 3. Partitioning shortwave radiation to diffuse and direct radiation, and calculating relative humidity,
) Gmisc
Data Outputs fedit)
To BEND Model fedit)
The BEND Mode! requires HOURLY vanabies of

» 16 locations in coterminous us.

[ wap_[ sate | Hna [ Terain |
[_ownar_|

Interpolate

MeDICi

ReCalc

.
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IRESM Feature — Reuse Matrix

Collaboration
Sharing data

Metadata
extraction

User-driven
customization

Linking to model
execution

Model versioning

Data set
versioning

Role-based
Security

Velo

Velo

Velo
Velo
Velo
MeDICi

Velo
Velo

Velo

Core wiki features support this,

100%

includes support for discussions

Requires integration of MW and

Alfresco

100%

Requires creation of data-type specific 50%

extraction pipelines

Core wiki features support this

100%

Need to construct MeDICi pipelines 70%

and link to Velo

Supported
Supported

Supported

100%
100%

100%

racinic nui uiwest
NATIONAL LABORATORY
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Some reflections

» Science Is a complex domain

Understanding requirements
Diversity of software/data
Users who are pushing the boundaries

Scientists don’t (in general)
understand complexity of software
systems

Architectures, integration, testing

Different to implementing a set of
equations

» Through deliberate, creative reuse and
a strong focus on architecture, we've:

m Built generically useful technologies at

low cost)

m They work ;)
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' RANDOM '

| THOUGHTS |
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Questions?

Essential
Software

Architecture

"
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